Introduction
Debris flows as a form of mass movements of sediments on slopes or in torrential channels have transformed the relief in Slovenia in the geological past and are becoming more and more frequent recently. Due to the dispersed settlement pattern and dense traffic network in Slovenia, it has become necessary to investigate debris flow hazards into more detail. Debris flows as a form of mass movement of sediments (Skaberne 2001 ) can develop on slopes or in torrential channels. Knowing their dynamics (Miko{ 2001) makes it possible to plan adequate preventive countermeasures. One of the most frequent questions related to debris flows is related to the location of their initiation. Also, for planning of countermeasures it is necessary to know the process magnitude that can be expected. Using estimated magnitudes one can also estimate the debris flow run-out by modelling debris flow routing as well as their flowing velocities and depths that are usually used with hazard assessment (Miko{ 1997) .
Any large-scale planning of preventive countermeasures against different landslide and rockfall processes must tackle each case separately. Each case has its specific characteristics that may greatly effect the course of events. One of the basic data is the catchment area of a torrential watershed under investigation. The ratio between the amount of available debris material and the amount of released debris material varies from one case to another. Nevertheless one tried to develop methods that would be generally applicable for the estimation of debris flow magnitudes in the past. Geomorphic processes on torrential fans have been so far investigated in many field studies. In one of the earliest studies, Melton (1965) suggested a relation between the gradient of a torrential fan (S) and some other topographic parameters:
where a and n are independent coefficients, H max (km) and H min (km) are elevations of the highest point and the lowest point of the torrential watershed (i.e. highest point of the torrential fan), respectively, and A (km 2 ) is the catchment area of the torrential watershed. The term Mel = (H max -H min )A -0,5 is simply called the Melton number after its author. This approach is the ground for investigation of alluvial processes on fans, oriented into a classification of fans on the basis of morphological parameters of torrential watersheds and fans.
There are many methods for estimation of debris flow magnitudes, being one of the bases for debris flow risk estimation, and one can divide them into:
• empirical methods (e. g. Takei 1984 , Kronfellner-Kraus 1984 , Marchi & D'Agostino 2002 ) that they provide the estimation of debris-flow magnitudes; • morphological methods (e.g. Jackson et al. 1987 , Marchi et al. 1993 , Marchi & D'Agostino 2002 , Jakob 2005 that can be divided into those that estimate the magnitude and those that aim at the determination of debris-flow hazard on torrential fans; • combined methods (e. g. Ceriani et al. 2000) that are a combination of different other methods, which based on statistical analysis determine the relevant torrential watershed parameters in the form of an empirical equation for the estimation of the debris-flow magnitude; • computer methods (e. g. Schöberl et al. 2004 ) are computer programs that take into account sediment production in the watershed under investigation and sediment transport capacity of the torrent including sediment deposition in the torrential channel. A detailed description of these methods is given elsewhere (Sodnik 2005; Sodnik & Miko{ 2005) . For computation of debris flow magnitudes m in selected torrential watersheds in Slovenia the following empirical and morphological methods have been used: Takei (1984) : Vd = 13600A 0.61 ….. 
where the parameters in the equations are follows: K -coefficient of the torrential watershed, given for separate parts of the Alps in Austria In this paper, the results of application of the empirical and morphological methods to selected Slovenian torrents are discussed. The purpose of the analysis was to check the possibility of estimating the magnitude of potential debris flows and their distribution in relation to hazard. The estimated values obtained with the chosen methods should be compared to historical records on the volume of past events. Unfortunately, no systematic analysis of past events was ever performed and the comparison of results acquired with the chosen methods with events that occurred in the past is rather the exception, not the rule.
The estimates of magnitudes of debris flows were performed in selected torrential tributaries of the Sava Dolinka (the Upper Sava valley) and two torrents in Pohorje (Figure 1 ). For additional verification, the methods were tested in the torrents of Predelica and Brusnik, where debris flows have occurred in the recent past (Miko{ et al. 2004; .
Hydrological calculations
Before applying some of the methods in the chosen torrential watersheds, the total run-off volume of the precipitation relevant for debris-flow initiation was to be calculated. The modelling was performed with the HEC-HMS program (Hydrologic Modeling System 2000; 2001) . The purpose of modelling was to deter-96 mine the total volume of run-off based on given precipitation and calculated discharge values, since in the method for estimation of magnitude of debris flow the estimate of run-off volume is required. The morphometric data on torrential areas were taken from hydrological studies (VGI 1993 (VGI , 1995a (VGI , 1995b (VGI , 1999 (VGI , 2002 , Table 1 .
The data on surface characterists were taken from the Naravovarstveni atlas (NVA 2005) , where the airborne imagery can be acquired. The precipitation data for hydrological modelling were taken from hydrological studies (VGI 1993 (VGI , 1995b (VGI , 1999 (VGI , 2002 and they are shown in Table 2 . Based on the position, an associated precipitation station was attributed to each torrential area, and precipitation data were considered in the analysis. For torrential watersheds in the upstream part of the Upper Sava River, including the Belca Torrent, the data for rainfall station Rate~e -Planica were used, and for other areas with the inclusion of the Bistrica Torrent the data from the precipitation station Javorni{ki Rovt were used. For the Lobnica River and the Lobni~ica Torrent on Pohorje, the data of the precipitation station Ko~a nad [umikom were used, for the Predelica Torrent and the Brusnik Stream the data from Bovec. In the vicinity of torrential areas there are other stations, which, however, are not equipped with raingauges (ombrographs) that would record short heavy rain showers and enable their statistical analysis. Thus in the Upper Sava River valley there are 8 precipitation stations, but only three are equipped with ombrographs. Only stations Rate~e -Planica and Javorni{ki Rovt could therefore be included in the analysis. Hydrological [umikom (1975-1997) 21 studies provide statistically calculated precipitation of different return periods/recurrence intervals and duration, calculated with the help of measurements for particular periods (see Table 2 ). For the preparation of data in the HEC-HMS model there are several methods to choose from, however, the methods are limited by several factors, such as relief gradient, channel gradient, characteristics of terrain, and thus some of them were not applicable. The following methods have proven as suitable: SCS method (Soil Conservation Service), SRC method (Snyder -Riverside County) and Clark-Kirpich method (Brilly & [raj 2005) . The calculated values of the time of concentration T c or the time delay T p between precipitation and run-off peak are shown in Table 1 . Based on the results we have decided to use the SCS method, which is widely used in practice.
The CN (curve number) as a parameter indicating the soil characteristics (infiltration etc.) was based on surface characteristics, such as ratio of forest, meadows, shrubs and rocks. The initial CN value was based on the data provided by remote sensing. The final value of CN parameter was based by calibrating the hydrological model, so that the peak of the calculated runoff and data on high water with 100-year recurrence period were correlated. The calculated runoffs in the hydrological studies were determined in a similar way, by way of a synthetic hydrograph, computed from assumed precipitation, however, they only give peak values, and not the total volume of the flood wave. The calculated volumes of runoff volume with the SCS method are shown in Table 1 , and the synthetic run-off hydrographs for the selected torrential areas in Figure 2 .
Analysis of hydrological parameters
This was followed by the analysis of the calculated hydrological parameters as a function of the size of the torrential watershed. The basis for determination of empirical equations were the results for 18 torrential areas of the Upper Sava River: Figure 3 shows the relation between the 100-year discharge Q 100 (m 3 /s) and the torrential watershed area A (km 2 ) and Figure 4 the relation between the run-off volume V r (m 3 ) and the torrential watershed area A (km 2 ). 100-year discharge analysis Q 100 and run-off analysis V r give statistically reliable equations (in both cases the regression coefficient is R 2 > 0.97 for n = 18). These two equations can be used also in other torrential areas of the Upper Sava River valley without previous hydrological modelling. The relation between runoff volume and torrential watershed area accelerates the estimate of magnitude of debris flow using the methods that require the knowledge of runoff volume. Figure 3 also shows the relation between 100-year discharges Q 100 and the area of watershed A of single torrents in the Pohorje area. In Pohorje only two torrents (the Lobnica and Lobni~ica) were used for the analysis of applicability of methods for estimation of magnitude of debris flows, however, for discharge analysis other torrents from SW part of Pohorje were used, which are covered in the hydrological study for this particular area (VGI 1999) . Thus, a total of 11 torrential areas (n = 11) of a size of between 0.17 km 2 and 44,3 km 2 were at our disposal.
Based on discharge analysis and run-off volumes the following empirical equations were obtained (Figures 3 and 4):
Q 100 for torrents on the Upper Sava River:
Q 100 for torrents in the Pohorje area:
Volume of flood wave in the Upper Sava River: The empirical equations for calculation of flood wave volume in Pohorje could not be obtained in the same way as for the torrents on the Upper Sava River, since in the Pohorje area only two torrents (Lobnica and Lobni~ica) were modelled with HEC-HMS. So we could only test the applicability of equation (10), which applies for the torrents on the Upper Sava River. 
Torrents Lobnica and Lobni~ica are fit for comparison, the former having large catchment area (A = 44.3 km 2 ), and the latter having small catchment area (A = 3.0 km 2 ). The proposed equation for wider use should be additionally verified with hydrological modelling. The values of coefficients in equations 8 and 9 are consistent with the values employed in engineering practice. The value of exponent 0.76 for torrents in Pohorje may come as a surprise, since this is contrary to the assumed maximum coefficient of 0.75, which should be used/valid in the alpine part of Slovenia.
Calculation of magnitudes of debris flows
When estimating the magnitudes with different methods, we first determined the parameters of the methods for each torrential area; the parameters were either taken from hydrological studies, calculated or taken from topographic maps and airborne imagery. In Table 4 total precipitation run-offs are given, obtained by HEC-HMS. At the end of the table, the values of average release of erosion material for specific torrential areas are given, however, this data are not available for all torrents.
In Table 5 landslides are present though not close to the torrent channel (I_F = 2); no larger or important landslides are present (I_F = 3). For representation purposes, with method 2 of Marchi & D'Agostino (2002) and the method of Ceriani et al. (2000) the ratio between the volume of debris flow (magnitude) and volume of water M/V r is given. Table 6 also gives specific sediment yield of debris material in single torrential areas.
Analysis of magnitudes of debris flows
The next step was the analysis of calculated magnitudes of debris flows as a function of morphological parameters of the torrential area. The analysis was performed for 18 torrents of the Upper Sava River valley for the calculated magnitudes of debris flows, using the method 2 of Marchi & D'Agostino (2002) and the method of Ceriani et al. (2000) , with landslide index of I_F = 2. As the most useful relationship was taken the relation/connection between morphological parameters of the torrential area and specific sediment yield of debris material in an area (m 3 /km 2 ). In this way, the effect of size of catchment area was eliminated from the analysis.
Relations with the magnitude of debris flow, calculated to the specific sediment yield, were checked for the following morphological parameters: channel gradient (%), fan gradient (%) and the Melton number. The magnitude of debris flow following the method 2 of Marchi & D'Agostino (2002) was most significantly related to the channel gradient (R 2 = 0.9924, n = 18; Figure 5 ):
where I s is channel gradient [%], while the method Ceriani et al. (2000) showed most significant relations to the fan gradient (R 2 = 0.9377, n = 18; Figure 6 ):
where I v fan gradient [%]. These two relations enable a quick assessment of magnitudes of debris flow in the Upper Sava River area. The reliability of both relations is a sound one, especially in using method 2 of Marchi & D'Agostino (2002) (R 2 = 0.9924, n = 18). For more exact results a more detailed analysis and calculations are required, taking into consideration all required parameters of the method in the torrential area investigated. The advantage of the empirical connection is that the either the channel gradient or the fan gradient are the basic parameters found in any hydrological study, or they can be easily determined from topographic maps. Figures 7 in 8 show the results of all investigated torrents, and empirical equations (12) and (13). Clearly evident are the deviations between the estimated values of the specific sediment yield in different torrential areas from the proposed empirical relation. The Brusnik torrent situated in the area up to Kose~ shows most significant deviations.
Classification of torrential fans
Further, we classified the investigated torrents in terms of the level of danger of occurrence of debris flows. In this respect, two limit values are given in the literature: the Melton number = 0.3 and torrential fan gradient = 4°(7%). Both are based on analysis of past events. These limit values should provide a criterion good enough for classification of torrential fans into three kinds:
• fans that fullfilled both criteria were termed as debris-flow fans, since the hazard of occurrence of debris flows exists; • fans whose parameters did not exceed any of the limits were termed as torrential fans, with no hazard of occurrence of debris flows; • fans that fullfil only one criterion were termed as transitional fans, where there is the danger of occurrence of debris flows, but the probability of occurrence is relatively small. The parameters for this classification are relatively easy to obtain, that is, either from topographic maps or, to achieve higher accuracy, with field investigation. It should be noted that contrary to debris-flow fans, the torrential fans may not be subject to debris flows, however there may still be the danger of torrents or hyperconcetrated flow. Table 7 shows the classification of the investigated debris-flows based on the value of both limit parameters. The Predelica and Brusnik torrents are included among the torrents investigated, where debris flows occurred in the past. A debris flow triggered in the Predelica torrent strongly affected the village of Log pod Mangartom. In the Brusnik torrent in 2002 debris flows were triggered that posed a threat to the village of Kose~. If the classification of debris flows into classes from 1 to 10 is adopted, as proposed by Jakob (2005) that defines the possible consequences of debris flows of different classes using several debris flow parameters (magnitude, peak discharge, area of deposited sediment), the classification of these debris flows is the following one: Ceriani et al. method (2000) . The estimate of magnitude by these two methods gives an estimate of maximum possible events and differs from the actual volumes of investigated debris flows. In the case of Log pod Mangartom, the reason for the difference is the extremeness of event, when the debris flow with recurrence period of over 100 years was initiated in the area in spilled into the Koritnica valley in two phases. To reach the value of debris flow volume of approx. 900,000 m 3 by the Ceriani et al. method (2000) one would have to use the landslide index I_F = 0.6. However, debris flows in Kose~ were of smaller volume since they were limited by the available quantity of debris material (Miko{ et al. 2005) . If the Strug rockfall grew in its intensity, we could expect re-activation of debris flows. For delination of hazard area in Kose~ due to occurrence of debris flows under Strug, as the extreme scenario the event with a volume (magnitude) of 25,000 m 3 was taken (Miko{ et al. 2006 ).
Conclusion
The performed analysis showed the applicability of the chosen methods for estimation of magnitudes of debris flows based on the known morphological parameters of the torrential area. For Slovenian conditions two methods have proven adequate: the method 2 of Marchi & D'Agostino (2002) and the method of Ceriani et al. (2000) . By way of hydrological modelling of the chosen torrential areas we developed our own empirical equations from the two methods. The decision on the applicability of the methods was based also on comparison of results of both methods with data on debris flows in Kose~ in 2002 and on debris flow that devastated the village of Log pod Mangartom on November 17, 2000. The critical limits for classification of fans into classes are only partly confirmed and require further validation, especially detailed field investigation of fans, which would confirm or adapt the values to Slovenian conditions. The Ceriani et al. method (2000) , which uses the landslide index I_F, requires field investigation and determination of the index based on frequency of erosion-related events in the torrential area. The index strongly influences the estimation of debris flow magnitude. 1 Uvod
Drobirski tokovi kot oblika masnega gibanja sedimentov po pobo~jih ali hudourni{kih strugah so v preteklosti preoblikovali slovensko povr{je in so v zadnjem ~asu vse pogostej{i. Zaradi razpr{ene poselitve in goste mre`e prometnic je nujna podrobnej{a preu~itev ogro`enosti prostora zaradi njihovega delovanja. Gre za obliko masnega gibanja sedimentov (Skaberne 2001) , ki se lahko razvije na pobo~jih ali v strugah hudournikov. Poznavanje njihove dinamike (Miko{ 2001 ) omogo~a na~rtovanje primernih preventivnih ukrepov. Eno najbolj pogostih vpra{anj v zvezi z drobirskimi tokovi je vpra{anje, kje lahko nastanejo. Ob tem je za na~rtovanje ukrepov nujno poznati obseg (magnitudo) pojava, ki jo lahko pri~akujemo. S pomo~-jo ocenjenih magnitud lahko z modeliranjem gibanja drobirskih tokov ocenimo njihov doseg in preto~ne hitrosti ter globine, ki jih obi~ajno uporabimo pri ocenah nevarnosti (Miko{ 1997) . Ob{irnej{e na~rto-vanje ukrepov za varstvo pred razli~nimi erozijskimi pojavi mora obravnavati vsak primer posebej, saj ima vsak primer svoje specifi~ne lastnosti, ki lahko bistveno vplivajo na potek dogodkov. Eden od bistvenih podatkov je velikost obravnavanega erozijskega obmo~ja. Razmerje med koli~ino erozijskega gradiva, ki je na dolo~enem obmo~ju na razpolago, in koli~ino materiala, ki se dejansko spro`i ob posameznem dogodku, je od primera do primera lahko zelo razli~no. Kljub temu so v preteklosti sku{ali razviti metode, ki bi bile splo{no uporabne za ocenjevanje magnitude drobirskih tokov. Geomorfne procese na hudourni{kih vr{ajih so obravnavale {tevilne terenske {tudije. V eni prvih je Melton (1965) predlagal zvezo med naklonom hudourni{kega vr{aja (S) in nekaterimi drugimi topografskimi parametri:
pri ~emer sta a in n neodvisna koeficienta, H max in H min sta vi{ina najvi{je to~ke in najni`je to~ke hudourni{kega obmo~ja (t. j. najvi{ja to~ka vr{aja) [km], A pa je povr{ina hudourni{kega obmo~ja [km 2 ]. ^len ena~be Mel = (H max -H min )A -0,5 po avtorju imenujemo Meltonovo {tevilo. Ta pristop je osnova za raziskovanje naplavinskih procesov na vr{ajih, ki je usmerjeno v klasifikacijo vr{ajev na podlagi morfolo{kih parametrov hudourni{kih obmo~ij in hudourni{kih vr{ajev.
Metode za ocenjevanje magnitude drobirskih tokov, ki so osnova za ocenjevanje ogro`enosti zaradi tega pojava, delimo na:
• empiri~ne metode (npr. Takei 1984 , Kronfellner-Kraus 1984 , Marchi in D'Agostino 2002 , ki so namenjene oceni magnitude drobirskega toka; • morfolo{ke metode (npr. Jackson s sod. 1987 , Marchi s sod. 1993 , Marchi in D'Agostino 2002 , Jakob 2005 , ki jih delimo na tiste, ki ocenjuje magnitudo, in na tiste, ki so namenjene dolo~evanju nevarnosti delovanja drobirskega toka na hudourni{kem vr{aju; • kombinirane metode (npr. Ceriani s sod. 2000), ki so kombinacija razli~nih drugih metod, ki na podlagi statisti~ne obdelave dolo~ijo odlo~ilne parametre hudourni{kega obmo~ja v obliki empiri~ne ena~be za izra~un magnitude drobirskega toka; • ra~unalni{ke metode (npr. Schöberl s sod. 2004), ki so ra~unalni{ki programi, ki upo{tevajo zalogo erozijskega drobirja v obravnavanem prispevnem obmo~ju in premestitveno zmogljivost hudournika z upo{tevanjem odlaganja materiala v strugi hudournika. Podroben opis metod je `e bil podan drugje (Sodnik 2005; Sodnik in Miko{ 2005) . Za izra~un magnitud drobirskih tokov na izbranih hudournikih v Sloveniji smo uporabili naslednje empiri~ne in morfolo{ke metode: Takei (1984) : Vd = 13600A 0.61 …..
Kronfellner-Kraus (1984):
K = 1150/e 0.014A ….. [-] (4) Ceriani s sod. (2000):
kjer so parametri v ena~bah naslednji: V tem prispevku prikazujemo rezultate uporabe omenjenih empiri~nih in morfolo{kih metod na slovenskih hudournikih. Namen analize je bil preveriti mo`nosti podajanja ocene magnitude morebitnih drobirskih tokov in njihovega razvr{~anja glede na nevarnost delovanja drobirskih tokov. Ocenjene koliine po izbranih metodah je treba primerjati z zgodovinskimi zapisi o koli~inah preteklih dogodkov. @al sistemati~ne analize zgodovinskih dogodkov ni in je primerjanje rezultatov po izbranih metodah z dogajanjem v preteklosti prej izjema kakor pravilo.
Ocene magnitud drobirskih tokov smo opravili na hudourni{kih pritokih Save Dolinke in na dveh hudournikih na Pohorju (slika 1). Za dodatno preverjanje smo metode preizkusili tudi na hudournikih Predelica in Brusnik, kjer so se drobirski tokovi pojavljali v bli`nji preteklosti (Miko{ in sod. 2004; . Glej angle{ki del prispevka.
Hidrolo{ki ra~uni
Na izbranih hudourni{kih obmo~jih je bilo treba za uporabo nekaterih metod najprej izra~unati celotno prostornino odtoka za nastanek drobirskih tokov relevantnih padavin. Modelirali smo s programom HEC-HMS (Hydrologic Modeling System 2000; 2001) . Namen modeliranja je bil dolo~iti celotno prostornino odtoka vode na podlagi podanih padavin in izra~unanih pretokov, saj metoda za oceno magnitude drobirskega toka kot parameter zahteva oceno prostornine odtekle vode.
Morfometri~ne podatke o hudourni{kih obmo~jih smo privzeli po hidrolo{kih {tudijah (VGI 1993; 1995a; 1995b; 1999; in so prikazani v preglednici 1.
Podatke o zna~ilnostih povr{ja smo privzeli po Naravovarstvenem atlasu (NVA 2005) , kjer so dostopni aerofoto posnetki. Padavinske podatke za hidrolo{ko modeliranje smo povzeli iz hidrolo{kih {tudij (VGI 1993; 1995b; 1999; in so prikazani v preglednici 2. Javorni{ki Rovt (1966 -1993 ) 22,5 34,0 57,5 74,5 86,8 112,7 146,3 190,0 Rate~e -Planica (1966 -1993 15,1 25,2 48,1 66,5 80,4 110,5 138,9 174,6 Ko~a nad [umikom (1975 66,5 80,4 110,5 138,9 174,6 Ko~a nad [umikom ( -1997 21,2 33,6 59,9 80,1 94,9 126,8 169,5 226,5 Bovec (1959 33,6 59,9 80,1 94,9 126,8 169,5 226,5 Bovec ( -1987 20,2 41,9 104,9 165,9 217,0 293,3 358,0 437,0
Vsakemu hudourni{kemu obmo~ju smo glede na lego dolo~ili pripadajo~o padavinsko postajo, katere padavine smo upo{tevali v analizi. Za hudourni{ka obmo~ja Save Dolinke vklju~no z Belco smo uporabili podatke za de`emerno postajo Rate~e -Planica, za ostala obmo~ja od vklju~no Bistrice pa podatki de`emerne postaje Javorni{ki Rovt. Za Lobnico in Lobni~ico smo uporabili podatke de`emerne postaje Ko~a nad [umikom, za Predelico in Brusnik pa podatke iz Bovca. Sicer so v bli`ini nekaterih hudourni{kih obmoij tudi druge postaje, vendar niso opremljene z ombrografi, ki bi merili kratkotrajne nalive in omogo~ili njihovo statisti~no analizo. Tako je v pore~ju Save Dolinke osem padavinskih postaj, a so le tri opremljene z ombrografi. Za analizo smo tako lahko uporabili le postaji Rate~e -Planica in Javorni{ki Rovt. V hidrolo{kih {tudijah so podane statisti~no izra~unane padavine razli~nih povratnih dob in trajanja, izraunane s pomo~jo meritev za dolo~eno obdobje (glej preglednico 2). Za pripravo podatkov v modelu HEC-HMS je na voljo veliko {tevilo metod, a ker so posamezne metode omejene z razli~nimi faktorji, kot so naklon terena, strmec struge, lastnosti obravnavanega povr{ja, so nekatere neuporabne. Kot primerne so se izkazale metode: metoda SCS (Soil Conservation Service), metoda SRC (metoda Snyder -Riverside County) in Clark-Kirpichova metoda (Brilly & [raj 2005) . Izra~unane vrednosti kriti~nega ~asa stekanja T c oziroma ~asa zamika T p med te`i{~em padavin in konico odtoka so prikazane v preglednici 1. Na podlagi rezultatov smo se odlo~ili za uporabo metode SCS, ki se v praksi tudi sicer {iroko uporablja.
[tevilo CN (angl.: curve number) je parameter, ki dolo~a lastnosti tal (infiltracija ipd.). Dolo~ili smo ga na podlagi zna~ilnosti povr{ja, kot so dele` gozdov, travnikov, grmovja in skal. Za~etno vrednost za CN smo dolo~ili na osnovi podatkov daljinskega zaznavanja. Kon~no vrednost CN smo dolo~ili s pomo~-jo umerjanja hidrolo{kega modela, tako da sta se ujemala konica izra~unanega odtoka in podatek o visoki vodi s 100-letno povratno dobo. Izra~unane pretoke v hidrolo{kih {tudijah smo dolo~ili na podoben na~in, s pomo~jo sinteti~nega hidrograma, izra~unanega iz predpostavljenih padavin. Vendar izra~uni podajajo le konico, ne pa tudi celotne prostornine visokovodnega vala. Izra~unane prostornine odtoka vode po metodi SCS so prikazane v preglednici 1, sinteti~ni hidrogrami odtoka za izbrana hudourni{ka obmo~ja pa na sliki 2. Glej angle{ki del prispevka.
Analiza hidrolo{kih parametrov
Sledila je analiza izra~unanih hidrolo{kih parametrov v odvisnosti od velikosti hudourni{kega obmo~ja. Kot osnovo za dolo~itev empiri~nih ena~b smo vzeli rezultate za 18 hudourni{kih obmo~ij Save Dolinke: na sliki 3 je prikazana zveza med stoletnim pretokom Q 100 (m 3 /s) in povr{ino hudourni{kega obmo~ja A (km 2 ) ter na sliki 4 zveza med prostornino odtoka V r (m 3 ) in povr{ino hudourni{kega obmo~ja A (km 2 ). Analiza stoletnih pretokov Q 100 in odtokov vode V r daje statisti~no zanesljivi ena~bi (v obeh primerih je regresijski koeficient R 2 > 0,97 za n = 18). Ti dve ena~bi lahko torej uporabimo tudi na drugih hudourni{kih obmo~jih Zgornjesavske doline brez predhodnega hidrolo{kega modeliranja. Predvsem zveza med prostornino odtoka in povr{ino hudourni{kega obmo~ja je pomembna za oceno magnitude drobirskega toka po metodah, ki zahtevajo poznavanje prostornine odtoka vode.
Na sliki 3 je prikazana tudi zveza med pretoki Q 100 in povr{ino prispevnega obmo~ja A posameznega hudournika na Pohorju. Za analizo uporabnosti metod za oceno magnitude drobirskih tokov sta bila na Pohorju obravnavana samo dva hudournika (Lobnica in Lobni~ica), za analizo pretokov pa smo uporabili {e druge hudournike iz JZ dela Pohorja, obravnavane v hidrolo{ki {tudiji tega obmo~ja (VGI 1999) . Tako smo imeli na razpolago skupaj 11 hudourni{kih obmo~ij (n = 11) velikosti od 0,17 km 2 do 44,3 km 2 . Na podlagi analize pretokov Q 100 in prostornin odtokov V r smo torej pri{li do naslednjih empiri~nih ena~b (sliki 3 in 4): 
Slika 3: Zveza med stoletnimi pretoki Q 100 in povr{ino prispevnega obmo~ja posameznega hudournika v Zgornjesavski dolini (n = 18) in na Pohorju (n = 11).
Glej angle{ki del prispevka.
Slika 4: Zveza med prostornino poplavnega hidrograma s konico Q 100 in povr{ino prispevnega obmo~ja posameznega hudournika v Zgornjesavski dolini (n = 18) in na Pohorju (n = 11).
Glej angle{ki del prispevka. Empiri~ne ena~be za izra~un prostornine poplavnega vala za Pohorju na na~in kot smo to storili za hudournike na Savi Dolinki, ni bilo mogo~e dobiti, saj smo s pomo~jo HEC-HMS modelirali na Pohorju le dva hudournika (Lobnico in Lobni~ico). Zato smo lahko le preizkusili uporabnost ena~be (10), ki velja za hudournike na Savi Dolinki. V preglednici 3 je prikazan izra~un prostornine poplavnega vala V r za oba hudournika na Pohorju na 3 razli~ne na~ine. Ujemanje z rezultati hidrolo{kega modeliranja s programom HEC-HMS dobimo tako, da eksponent v empiri~ni ena~bi (10) spremenimo z 0,93 na 0,96 in tako dobimo ena~bo (slika 4):
Prostornina poplavnega vala na Pohorju:
Hudournika Lobnica in Lobni~ica sta primerna za primerjavo, saj ima prvi veliko (A = 44,3 km 2 ), slednji pa majhno prispevno povr{ino (A = 3,0 km 2 ). Predlagano ena~bo je za {ir{o uporabo treba dodatno preveriti s pomo~jo hidrolo{kega modeliranja. Vrednosti koeficientov v ena~bah 8 in 9 so konsistentne z vrednostmi, ki so se uveljavile v in`enirski praksi, morda presene~a vrednost eksponenta 0,76 za hudournike na Pohorju, saj velja domneva, da je maksimalni koeficient 0,75, ki naj bi veljal v alpskem delu Slovenije.
Izra~un magnitude drobirskih tokov
Pri oceni magnitud po posameznih metodah smo najprej dolo~ili parametre metode za vsako hudourni{ko obmo~je, ki smo jih povzeli po hidrolo{kih {tudijah, izra~unali ali povzeli iz topografskih kart in aerofoto posnetkov. V preglednici 4 so podani tudi celotni odtoki padavin, dobljeni s programom HEC-HMS. Na koncu preglednice so podane {e koli~ine povpre~nega spro{~anja erozijskega materiala za posamezno hudourni{ko obmo~je, vendar ta podatek ni na voljo za vse hudournike.
V preglednici 5 so rezultati uporabljenih metod. Na 18 hudourni{kih obmo~jih Save Dolinke smo uporabili vse navedene metode, medtem ko smo na ostalih hudourni{kih obmo~jih uporabili le 2. metodo Marchi & D'Agostino (2002) 
Analiza magnitud drobirskih tokov
Sledila je analiza izra~unanih magnitud drobirskih tokov v odvisnosti od morfolo{kih parametrov hudourni{kega obmo~ja. Opravili smo jo za 18 hudournikov v Zgornjesavski dolini za izra~unane magnitude drobirskih tokov po 2. metodi Marchi & D'Agostino (2002) 
